Plants have a high capacity to transform and thereby detoxify deleterious or poisonous compounds, like mycotoxins. The formation of glucose conjugates has a central role in this process. Mammals, however, are able to (partly) release the precursor substances during digestion, reactivating the mycotoxins. This short review provides a brief summary about the metabolism of the Fusarium mycotoxins deoxynivalenol and zearalenone in plants. Two examples are discussed in greater detail. First, the formation of deoxynivalenol-3-glucoside in wheat is linked to a quantitative trait locus that is often used for Fusarium head blight resistance breeding. Secondly, the metabolism of zearalenone in Arabidopsis thaliana results in at least 17 different metabolites, all of which are potentially hazardous for humans and animals.
Plants can metabolize and detoxify xenobiotics by a variety of enzymatic reactions and with extraordinary diversity among species. This phenomenon is widely exploited in agriculture to control competing weeds in a field of crop plants that are tolerant to a particular herbicide (1). The primary mechanism of herbicide selectivity in plants is their different ability or kinetics of metabolic detoxification. The same processes used by plants to detoxify pesticides or herbicides hold true for all other xenobiotics, including mycotoxins.
The metabolism of xenobiotics in plants can be divided in three phases. In phase I, also called transformation phase, reactive groups are introduced into the molecules for instance by oxidation or dealkylation. In many cases activation of the molecules through phase I biotransformation is necessary for conjugation, but if the reactive groups are already present in the parent molecule they may undergo direct conjugation. In phase II, also called conjugation phase, polar substances like sugars (often glucose) are coupled to the reactive groups of the respective metabolites. With the formation of conjugates, the foreign substances very often get inactivated and detoxified. In phase III, or compartmentation phase, metabolites formed in phase II are either transported to the vacuole and stored there, or further modified and deposited in the cell wall.
Regarding food safety, the major problem is that such conjugated mycotoxins are usually not detected by analytical methods commonly used for mycotoxin determination, but can be reactivated in the digestion tract of human and animals. Phase II metabolites can potentially be hydrolyzed by acid in the stomach, by enzymes in the gut or by intestinal bacteria, releasing the toxic precursor as has been shown for zearalenone-4-fl-D-glucopyranoside (Z4G) by Gareis et al. (2) . conjugation product of ZON in the urine of mammals, but -so far -not yet as a plant metabolite.
Conjugated Fusarium mycotoxins
In 1983, it was shown that the DON concentration of Fusarium graminearum infected wheat reached a maximum and then declined until harvest (3) . A year later it was reported that the DON content of yeast fermented food products was higher than that of the contaminated flour used for their production (4). The authors explained these findings with the presence of an unknown DON metabolite. Without knowing the exact structures of the possible plant metabolites, glucose and fatty acids conjugates of DON were chemically synthesized (5). Deoxynivalenol-3-fl-D-glucopyranoside (D3G) was identified by NMR experiments as the main DON metabolite after treatment of maize cell suspension cultures with DON in 1992 (6).
Also Arabidopsis thaliana, and in particular its glucosyltransferase DOGTI, was shown to produce D3G upon treatment with DON (7). Finally, D3G was found co-occurring along with DON in naturally contaminated wheat and maize (8) . In our laboratory, D3G was so far found in all of the wheat and maize samples that also had DON concentrations of at least 100 lag/kg. The relative concentrations of D3G in these samples were up to 12% of the DON concentrations in wheat and up to 50% of the DON concentrations in maize.
Back in 1988, zearalenone-4-/~-D-glucopyranoside (Z4G) was shown to be a metabolite of plants, after zearalenone (ZON) was transformed by maize cell suspension cultures to its glucoside (9) . A mini-survey of 24 wheat samples -22 of them were contaminated with ZON above the limit of quantification resulted in 10 samples (42%) also positive tbr Z4G (10) . Approximately 10-20% of the total ZON content of these samples were detected as Z4G. Several papers describe the metabolism of mycotoxins in plants, especially the transformation of ZON to a-Zearalenol (aZOL), 13-Zearalenol (13ZOL) and their corresponding glucosides (11, 12, 13) . Furthermore, the hydrolysis-labile Zearalenone-4-sulfate (ZON-4-Sulf) was identified after microbial transformation of ZON by Rhizopus arrhizus (14) , as a natural Fusarium metabolite (15) and as a Arabidopsis thaliana has been proposed, which is shown in Figure 1 .
A time course revealed that after 24 hours very little (<3% of the added) ZON could be found remaining in the cultivation medium. Phase I metabolism led to the formation of a-ZOL and I3-ZOL, which were further conjugated to phase I! metabolites, in the same way as ZON.
Conclusion
D3G was found to occur in naturally contaminated cereals (8 With respect to food safety it would be desirable to screen cereals not only for known mycotoxins, but also for in planta formed metabolites (masked mycotoxins), which escape current routine detection methods but may contribute significantly to toxicity after reactivation in the digestive tract of man and animals. While this actually would mean higher costs for analyzing food samples, some justification is given by the occurrence of D3G of up to 50% of the DON concentration in maize (manuscript in preparation). To give the community easier access to the analytical standard of D3G, required for quantitative analysis, it has been made available through a local commercial supplier of mycotoxins. Also, more and more multimycotoxin methods, most of them utilizing LC-MS/MS equipment, arise that are capable of determining multiple (classes of) mycotoxins at once. D3G can also be easily included in such methods, as shown by Sulyok et al. in 2006 (19) . Regarding the metabolites of ZON, except for Z4G the occurrence in cereals is still unclear. However, Z4G concentrations decreased after a while in Arabidopsis thaliana and further metabolizetion took place. After several days, also these di-and tri-hexosides declined in concentration and ZON practically "vanished", most likely by incorporation of the metabolites into the insoluble "bound residue". Next to nothing is known about the bioavailability of these bound residues of mycotoxins. Clearly, more research in that area is necessary to grant increased food safety to the consumers.
